Diabetes and Hypertension: NCDs That Worsen Clinical Outcomes in Dengue Patients
In the Lahore dengue epidemic of 2011, 60% of dengue patients who died suffered from at least one co-morbid condition, especially diabetes mellitus and hypertension or diabetes with hypertension [7] . These same co-morbidities were found to be important risk factors for death in other dengue epidemics [8] [9] [10] [11] . Indeed, these two NCDs stand out for their impact on dengue fever patients, including those with dengue shock syndrome (DSS) or dengue hemorrhagic fever (DHF).
Diabetes
Dengue patients with pre-existing diabetes mellitus are reported 1.78 to 2.8 times more likely to develop DHF and tend to have more severe thrombocytopenia, which is often used as a measure of dengue infection severity [8, 10, 12, 13] . Diabetes was associated with DHF and DSS during the epidemic in Havana, Cuba, in 1981 [14, 15] . The physiologic mechanisms underlying this observation need to be further investigated. However, it has been suggested that patients with diabetes exhibit disrupted endothelial dysfunction, possibly because their altered metabolic state triggers the release of inflammatory cytokines-the resultant increase in endothelial permeability (vascular leak) may exacerbate third space fluid shifts characteristic of DHF [12, 16] . As a result, dengue patients with co-morbid diabetes require longer hospitalizations and more medical attention than DHF patients without diabetes [8, 10] . Uncontrolled diabetes is also associated with increased mortality; in a study from Kerala State, India, these patients are 26 times more likely to die as a result of their condition [11] .
Hypertension
A similar mechanism may explain why dengue patients with hypertension (or diabetes with hypertension) face a 1.6 to 2.16 times greater risk of progressing to DHF [10, 17] . Hypertensive individuals often have elevated C-reactive protein levels in the blood, which increases capillary permeability and risk of coagulopathy [17] . In Kerala State, India, patients with underlying hypertension were found to be 44 times more likely to die from dengue [11] . Other co-morbidities Underlying chronic kidney disease and ischemic heart disease have also been linked to DHF and poor clinical outcome [8] , although possibly these factors are also associated with diabetes and hypertension. Other interesting risk factors for severe dengue, DHF, or DSS include underlying allergies [12, 17] , autoimmune disorders [18] , bronchial asthma [14] , and sickle cell disease [14, 19] . In at least one study, the steroids used to treat allergies might have been an important factor, as those patients exhibited a 2.94 odds ratio of DHF [12] ; however, skin allergy itself was found to be a risk factor in a case-controlled study from six cities in Brazil [17] .
Renal Disease, Myocarditis, and Other Co-morbidities Arising from Dengue Fever
Conversely, certain co-morbidities arise as a result of dengue infection. One such disorder, acute renal failure (ARF), often occurs as a result of multi-organ dysfunction caused by severe forms of dengue, including DHF and DSS, occurring in approximately 2%-5% of the cases [20] . While most renal disorders associated with dengue are resolved without therapy, ARF significantly increases the chances of death [20] . Furthermore, in about 15% of patients, dengue was shown to cause cardiac disease (elevation of cardiac biomarkers), mostly with a clinical picture consistent with myocarditis or pericarditis [9, 21] , possibly due to direct viral invasion of the cardiac tissue [22] . Another condition noted to arise in association with dengue and DHF is a thickened gall bladder [8] . Some findings also suggest that worsening of chronic illness may be responsible for the high fatality rate seen in dengue patients with co-morbid conditions rather than worsening of the dengue itself [9] . In adult lymphoblastic leukemia patients, dengue infection often leads to febrile neutropenia and adds to the myelosuppression of chemotherapy, resulting in poor outcomes [23] .
Concluding Statement
Research on co-morbid conditions and their influence on the progression of dengue fever has yielded valuable insights. Reducing case fatality rates through management of risk factors, especially diabetes and hypertension, and dengue complications, especially renal and heart disease, provide important opportunities to improve clinical outcomes. Through heightened understanding of the complex interactions between dengue and several co-morbid NCDs, we can determine how to prioritize target populations for interventions and effectively allocate resources for treatment. A key example is the pipeline of dengue vaccines now under development [24] , which could be introduced or prioritized for individuals with underlying diabetes and hypertension.
Dengue and its co-morbidities represent an important example of the overlap between NTDs and NCDs, especially among the poor. However, there is urgency to better understand co-morbidity pathogenesis in humans as well as to identify additional examples of NCD interactions among the 17 NTDs now recognized by the World Health Organization.
